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~-,v . .: · · · · · AB·STRACT 
This thesis is a study of the effects of various parameters 
on zinc films vapor deposited on Polyethylene Terephthalate 
(Mylar) which has received a silver-pre-coat. The study reveals 
that zinc grain size is affected only slightly by the silver and 
zinc deposition rates for silver deposition rate.s of 0.004, o.04, 
and 0.4 angstroms per second and zinc deposition rates of 6.7, 19.8, 
and 67 angstroms per second. Silver-pre-coat thickness was found 
to significantly affect the zinc grain size with a minimum grain 
size being obtained with a 0.1 angstrom silver-pre-coat. Zinc 
grain size was found to vary slightly with zinc film thickness 
for film thicknesses of 390 to 560 ang-~t roms. The texture of the 
zinc films was such that the <0001> crystallite axes are perpendicu-
lar to the substrate and the <1000> and <0100> axes randomly oriented 
in the plane of the substrate. For silver-pre-coat thicknesses of 
less than 0.01 angstroms the zinc film resistivity is a function of 
pre-coat thickness, however, for silver-pre-coats thicknesses 
between 0.01 and 10.0 angstroms the resistivity is essentially 
independent of pre-coat thickness • 
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INTRODUCTION 
During the p~t 25 years, the techn{ques of vapor deposition of 
thin metal films have made rapid advances as .... the -capabilities of 
vacuum systems have improved. The development has been spurred by 
the rapidly developing electronics industry where it is often desir-
able to have thin films of vapor deposited metals. One of the first 
large scale applications of vapor deposited metal films was the manu-
'' . ,, facture of metallized paper capacitors. 
McGraw (1) has reviewed the developments in the commercial pro-
. ,, . " 
cesses of manufacturing metallized paper and film capacitors. Be-
cause of military requirements during World War II, the Germans devel-
oped means of producing capacitors by using kraft dielectric paper 
coated with a thin film of vapor deposited zinc or aluminum. During 
a post-war inspection tour of Germany, Bell System Engineers (Western 
-
Electric Company and Bell Telephone Laboratories) and others observed 
and reported the German developments in this area. Engineers of the 
Western Electric Company and the Bell Telephone Laboratories refined 
the German techniques and developed a commercial process for the pro-
duction of "metallized paper'' capacitors. " . " The metallized paper for 
these capacitors was made by.applying lacquer to one side of the kraft· 
paper, depositing a layer of silver approximately one angstrom average 
·• 
thickness on the lacquer and then depositing a layer of zinc approxi-
mately 700 angstroms thick • 
• 
In the early 1950:s Polyethylene Terephthalate was marketed by 
the E. I • Dupont Company under the trade name, Mylar. 
2 
Because of the 
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superior electrical,· chemical, and temperature characteristics of 
Ptlylar, , .. as compared to kraft paper, the Bell Telephone Laboratories 
and the Western Electric Company became interested in the use of 
Mylar as a capacitor dielectric. Western Electric Company Engineers 
in conjunction with Bell Telephone Laboratories En~ineers modified 
techniques of metallizing kraft paper for metallizing Mylar. This 
resulted in a capacitor which was smaller than an equival~nt paper 
cap.aci tor. 
Objectives of this Investigation 
In reviewing the literature it was found that the vapor deposi-
* tion of silver-zinc films on substrates such as glass slides, paper, 
and collodion films had been studied to some extent, however, McGraw's 
(1) article contained the only information available about the deposi-
tion of silver-zinc films on Mylar and this article contained only 
j 
information with respect to the commercial production of silver-zinc 
films. 
Because of the lack of information about the deposition of silver-
zinc films on Mylar, it was felt that general information about the 
,) 
effects of several deposition parameters would be valuable. In order 
to gain this information, a statistical experiment was designed to 
study the effects of silver.deposition rate, silver deposition thick-
·ness, and zinc deposition rate on the zinc film grain size. The 
preferred orientation of the zinc films was also investigated, by 
* Note: The term silver-zinc film will be used throughout this report 
q to mean a fi1m formed by an extremely thin layer of silver, 
ten angstroms or less in thickness, and a zinc film 100 ft or 
more in thickness deposited on the silver film • 
..... 
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use of electron microscope selected area diffraction patterns and 
r 
./. f 
X-ray pole figures, in order to see if the deposition parameters 
affected the film texture. 
Since l\iylar is essentially an amorphous material, similar in 
.. 
this respect to lacquered paper, a second group of samples was studied 
in order to correlate the findings of this work with.those of Traub (2) 
for lacquered paper. 
Review of the Literature 
Holland (3) has reviewed the early developments in the vapor 
deposition of metal films and reports that Knudson ( 4) and \Vood (5) 
showed that atoms of cadmium and mercury would not condense ·on non-
metallic surfaces unless the temperature was greatly reduced. In 
1917, Langmuir (6) confirmed the existence of a critical temperature 
for vapor condensation, and showed that the critical temperature was 
a function of the density of the vapor beam impinging on the substrate. 
Langmuir also found that sensitizing a glass surface with cadmium atoms 
at temperatures below the critical temperature yielded a substrate 
which could be further coated with cadmium at higher temperatures. 
In 1931, Frazer (7), reported a procedure whereby zinc vapor could 
be made to condense on non-metallic surfaces by applying a silver-pre-
coat to the substrate. The silver, unlike zinc, will condense at 
normal temperatures and at very low rates. This technique was the 
basis of the work done by the Gennans during World War II on the manu-
facture of "metallized paper" capacitors • 
. In 1949, Traub (2) investigated the effects of silvet--pre-coat 
thickness on the resistivity of silver-zinc films deposited on the 
4 
j 
','' 
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•• 
• I 
I· 
.121 
I 
' . 
" 
~acquered surface of capacitor (kraft) paper. As shown in Figure 1, 
IC,,. 
Traub found that as the silver-pre-coat thickness increases, the 
ratio of bulk resistivity to film resistivity increas~s rapidly to 
a maximum at approximately 0.08 i, decreases again to a minimum at a 
100 X pre-coat thickness, and th~n increases rapidly. Assuming bulk 
density, Traub' s films \Vere calculated to vary in thickness from 
' 
approximately 100 to 200 i. Traub postulated that the fall in resis-
tivity at pre-coat thicknesses of 0.1 to 100 R was the result of the 
silver atoms being mobile and able to migrate on the substrate, thus 
giving a thicker silver film but fewer nuclei. This resulted in a 
·----zinc film which was not completely continuous. He claimed that the 
rapid decrease in resistivity of the zinc film after the silver-pre-
coat thickness reached 100 X was due to the silver forming a conducting 
film. 
Holland (3) studied the effects of a silver-pre-coat on zinc films 
deposited at very high rates (above the critical rate) on glass. He 
observed that the zinc films deposited without a silver-pre-coat had 
a matt appearance, ~ abnormally high electrical resistivity, and a 
weak film to substrate bond when compared to zinc films formed on a 
s-i 1 ver-pre-coa t . 
In 195~ Guru and Gharpurey (8) reported the effects of silver-pre-
coats on the structure of zinc and cadmium films deposited on collodion 
films. They used silver-pre-coat thicknesses from 0.1 to 1.0 Rand 
found that the rate of silver deposition had little if any effect on 
the size of the zinc crystallites. They also found that there appeared 
to be no difference between the,structure of a zinc or cadmium film 
..... ~ . .,.. . 
;,- .. 
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tor the same silver-pre-coat thickness as long as neither the zinc nor 
cadmiun1 deposition rates exceeded the rates necessary for self-nuclea-
tion (that is, rates insufficient to cause the zinc or cadmium to 
form nuclei independently of. the silver nuclei). 
This literature review indicates that the silver-pre-coat has 
a large effect on the characteristics of silver-zinc films. The silver-
p~e-coat affects the zinc film grain size and resistivity, Traub (2); 
the zinc to substrate binding energy, Holland (3); and the film struc-
ture, Guru, et al. (8). For this reason information regarding the for-
mation of thin silver films (of order of 10 i or less average ·thickness) 
and similar metal films was reviewed. 
'"-" 
---~ 
Bassett (9) studied the deposition of gold on cleaved rock salt 
surfaces and Pashley ( 10) the deposition of silver on carbon films. · 
Bassett and Pashley observed that as the metal films increase in aver-
age thickness, the metal nuclei density increases, however, as the 
metal film thickness is increased further a point is eventually reached 
where the nuclei density begins to decrease. Pashley observed the 
{ 
.~ 
latter decrease to be the result of small nuclei in the vicinity of 
large nuclei either re-evaporating or being absorbed by the large nuclei 
and by adjacent nuclei growing together. Pashley proposes that this 
is the result of an interaction between the nuclei. 
Rhodin and \Valton (11) have developed an equation for thin film 
nucleation rates. This equation has its origin in the mathematical 
·t-r·eatmerit of nucleation developed by Frenkel ( 12) in 1924. Frenkel 
·~ . 
showed that the average life of an atom absorbed on a substrate 
might be determined by the st~tistical chance that it will 
6 
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• 
gain sufficient energy to re-evaporate from the substrate surface. 
Frenkel's Theory related the critical temperature, Tc, to the criti-
cal beam density, V, by the relation: 
V=4cr 'f exp(~ + 6u )/kT . [ 1] 
. 0 0 o . C 
. In this relation cr is the effective atomic di8llleter, T the assumed 
0 0 
,/• 
period of vibration of the condensed ato.m, u 0 the energy of absorption 
per atom, ~u0 the energy of cohesion per atom, and k Boltzman's con-
stant. Yang, Birchenall, Pound, and Simnad (13) have modified 
"' Frenkel's equation to obtain an equation for nucleation rate. Lothe 
and Pound (14) corrected the equa.tion of Yang, et al. for the concen-
tration of the critical nuclei. Using the equations of Yang, et al. 
and Lothe, et al., Rhodin and Walton (11) developed the following 
equation for nucleation rate: 
Where, 
I• 
I - (4 n o/1:lG) sin 8 R a
0 
N0 exp (Q8 d - Q0 - ~F)/kT [2] 
I= nucleation rate 
a= bulk surface energy 
0 - substrate-deposit contact angle 
6G = kT ln P/Pex> 
P = beam pressure 
P ·= vapor pr~sure of deposit at substrate temperature 
CIC) 
R = rate of 0 incidence of vapor atoms 
a · = separation of absorption sites 
0 
N = density of absorption sites 
0 
binding energy of a single atom to the surface 
• 
activation energy for diffusion 
7 
.· .. 
I 
' 
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...... _ 
6F = free energy of formation of a critical nucleus 
T - substrate temperature 
/ 
---~____.,..,.-·· 
Equation [2] predicts the results of Bassett (9) and Pashley (10) for 
very thin films where the nuclei density increases with the metal film 
thickness. For thicker films, where interactions between nuclei are 
important, equation [2] is not valid, however, it does predict a lower 
rate of nucleation (since a0 N0 becomes small). This low nucleation 
rate coupled with the absorption and joining of nuclei can result in 
the number of nuclei (crystallites) decreasing with increase in aver-
age film thickness. 
u• 4 W.,, . . i' ' 
Walton (15) has studied the theoretical effects of critical 
nuclei size on orientations of F. C. C. metals. Nucleation theory 
predicts that the nucleation rate decreases rapidly as the critical 
nuclei size increases. Therefore, all other things being equal, a 
(111) orientation parallel to the substrate will be expected since 
the (111) plan~ can be initiated by three atoms forming a triangle on 
the substrate. Any other orientation would require a minimum of 4 
atoms in the critical nucleus and the rate of formation would be much 
less than for the triangular critical nucleus. Mayer (16) reported 
that of approximately 75 orientations of metal films of Au, Ag, Al, 
and Cu on various substrates, in 50% of the cases the orientation 
was (111) and- in 38% the orientation was (100). Walton concludes that 
the orientation of the nuclei will be such that a closely packed plane, 
such as (111) or (100), will be parallel to the substrate with the 
(111) orientation being preferred unless some other factor, such as 
8 
-7 
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epitaxial growth, interferes. Levinstein (17) found that for zinc 
deposited on collodion films, (0001) planes (equivalent of (111) 
·planes in F. C. C.) are parallel to the substrat
1
e. 
,! 
Bauer (18) discusses the connection between depasition parameters 
and texture. He begins his development by considering the Gibbs-
Wulff theorem which states that small crystals in equilibrium with 
the vapor phase are bounded by a small number of equilibrium planes. 
Where the interactions between the nucleus and substrate surface are 
weak (when the substrate is covered with absorbed layers), nuclei will 
form pref·erentially with an equilibrium plane parallel to the substrate. 
If the substrate surface is smooth, an orientation with the fiber axis 
perpendir.ular to the substrate can be formed. If, however, the sub-
strate surface is rough, the film can nucleate with ·the nuclei ran-
domly oriented and as the film grows the film becomes oriented with 
the fiber axis parallel to the vapor beam. A third fiber texture can 
be obtained by the nuclei depositing initially with the fiber axis 
perpendicular to the substrate and changing direction slightly so as 
to be parallel to the vapor beam as the crystallites grow. This 
third method of growth was observed by Volmer, et al. (19) to occur 
for zinc deposited on glass • 
..• 
,. 
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IXPBRIMEMTAL METHOD 
Materials Used 
The zinc and silver used for depositing the silver-zinc films 
was supplied by the Fisher Scientific Corporation. Table I gives 
the suppliers certified analysis of the impurities contained in 
these materials. 
A roll of Capacitor Grade Mylar, 0.00025 inch thick, 1.5 inches 
wide, and several thousand feet long, was purchased from the E. I. 
Dupont Company and used for all test samples. X-ray analysis, 
Figure 2, of this film revealed that the material is partially crys-
talline with a preferred orientation in the rolling plane and at 45° · 
to the rolling direction. 
.. 
Equipment 
A masking fixture, Figures 3 and 4, was made for use in a Vacuum-
Electronics Corporation; Model VE-400 vacuum system, Figure 3. The ( 
''"· 
fixture was designed such that three materials, such as silver., zinc, 
and carbon, could be deposited sequentially without removing the sub-
strate from the high vacuum conditions. With the masking fixture and 
the vapor sources in ... place, the distance between the vapor sources and 
the substrate is 16.5 centimeters. \ 
Silver and zinc vapor sources were made as shown in Figures 5, 
6a and 6b. These sources consist essentially of a boro~ nitride 
crucible heated by a tu11gsten filament. For temperature measurements, 
sheathed, chromel/aluinel thennocouples were inserted through the 
bottoms of the crucibles so as to be in intimate contact with the 
10 
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m,tals being vaporized. The calibration of the thermocouples·was 
checked by measuring the surface temperatures of the zinc and silver 
with a radiation pyrometer. This check was made at. the point where 
the bulk of the metals were at their melting·points. In each case 
the thern1ocouple a11d the pyrometer indicated a temperature, within 
the rated accuracy of measuring equipment, of the theoretical melt-
ing point. Therefore, the thermocouples were assumed to measure the 
surface temperature and the melting point was used as a reference 
point when adjusting the source temperature to the desired evapora-
tion temperature. 
'fhe zinc deposition rates, at the substrate, were determined by 
depositing zinc on only part of a zinc coated glass slide and then 
measuring the zinc film step height with an optical interferometer. 
·, 
The silver rate at the substrate was measured in a similar manner. 
Figure 7 is a graph of the variation of silver and zinc deposition 
rates with the inverse of absolute temperature of the sources. 
All electron microscope micrographs and selected area diffraction 
patterns were made with a RCA EMU-3G Electron Microscope. A 100 K.V. 
accelerating potential with si11gle condenser lens operation was used. 
Pole figures and pole figure traces were made using a Seimen's 
Pole Figure Goniometer and Chart Recorder. The radiation used was 
the K-alpha Characteristic radiation of a Molybdenum Tube operating 
with a 40 KV accelerating potential ··and an 18 ma electron befUD 
current. 
Experiment Design 
The statistical experiment was designed to measure the ·effects 
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at three levels of the three'variables, silver deposition rate, silver-
pre-coat thickness, and zinc deposition rate. It was attempted to 
I 
·: I 
maintain a constant zinc film thickness by controlling the zinc deposi-
tion time, however, variations didjoccur and will be discussed in the 
following section. The Mylar substrates were maintained at the room 
'"· 
ambient temperature and the ambient chamber v·acuum during deposition , 
was maintained in the range of 2 to 5 x 10-6 millimeters of mercury. 
The order of deposition o.f the samples was randomized in order 
to reduce the effects of systematic errors. 
Test Sample Preparation 
The following sequence was used for depositing the test samples. 
' The Mylar substrate was placed on the substrate carrying plate, and 
the bell jar lowered into place. The chamber was then pumped to·a 
. pressure ·of approximately 50 x 10-3 millimeters of mercury (mm of Hg). 
A 3.0 K.V. voltage was then applied, for approximately 2 minutes, to 
an electrode inside the vacuum chamber causing ion bombardment (from 
the residual atmosphere) of the chamber. The chamber was then pumped 
to a pressure of 5 x 10-6 mm of Hg and the system allowed to remain at 
this pressure for a minimum of five minutes. After this, the silver 
,· 
source was brought to deposition temperature, the Mylar substrate in-
dexed to the position to receive the silver-pre-coat and the Mylar 
ex~sed for the length of timt required to obtain the desi·red thick-
ness of silver. At this point the silver source filament was turned 
off. The zinc source was then heated to the proper temperature and 
the Mylar substrate i~exed to the position to receive the zinc metal 
vapor. After the Mylar had been exposed to the zinc vapor beam the 
" 
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" proper length of time, it was indexed to a position where it was 
shielded from the zinc \'apor beam, after \Vhicl1 the zinc source was al-1, 
lowed to cool. The vactH1m system was the11 opened and the sample removed. 
In,, order to obtain sufficient data to perform the statistical 
experiment and to make the desired correlations with the work of Traub 
(2), three different groups of test samples were made. The first 
group of 27 samples was made to obtain data for .the statistical exper-
iment. The second group of seven samples was made to check some 
apparent anomalies in the data from the first group and to obtain a 
measure of uncontrolled variables in the process for use in the statis-
-' . 
tical analysis. The third group of samples was made in order to check 
the variation of resistivity with silver-pre-coat thickness and the 
variation of zinc grain size with zinc film thickness. The samples 
were made in the manner outlined in the previous paragraph except 
that for the third group a second mask was arranged such that three. 
different thicknesses of zinc could be deposited on a single, silver-
pre-coated Mylar substrate • 
... 
Storage of Samples 
After preparation, the test samples and electron microscope 
' 
specimen were stored in a "dry box" having· air with a dew point of 
-100°F in order to reduce the oxidation rate of the zinc. 
Electron Microscope S~ple Preparation 
In the preliminary work, various techniques were tried·for 
removing the silver-zinc films from the Mylar. None of the methods 
~·- was completely successful since they all either affected the metal 
films greatly or they did not allow the silver nuclei to be observed. 
The various techniques tried were: 
13 
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1. to dissolve the My_lar film with a Dichlorophenol, Trichloro- , 
~ 
phenol mixture leaving the metal film. 
·-
• 
2. to dissolve the Mylar film with Dichlor~phenol, Trichlorophenol 
. .. 
vaPQ:r.s_ !} 
3. to electrolytically loosen the zinc film from the Mylar and 
then float off the metal film. 
4. to mechanically grind, with diamon~ dust, the Mylar to a 
thinness which would allow observation of the metal film 
through the remaining Mylar. 
5. to freeze the metal film to the surface of a liquid, such as 
water, and then strip away the Mylar leaving the metal film. 
For the experiments reported in this thesis, technique 3 was 
used for removing the·metal films from the Mylar. An aluminum electrode, 
connected to the positive terminal of a power supply, is placed in a 
weak detergent-water (sodium hexametaphosphate-water) solution. The 
negative terminal of the power supply is then connected to the zinc 
film and the film lowered into the detergent-water solution. After a 
short period to insure that the solution has completely wet the zinc 
film, the power supply is turned on and a voltage differential of 
twenty to forty volts applied between the positive electrode a_~d the 
zinc film for 0.5 to 10 seconds (Time is a function of voltage, deter-
gent str~ngth; area exposed, and other factors). This loosens the 
zinc film from the Mylar. The zinc film is then floated off of the 
Mylar in distilled water and caught on an electron microscope specimen 
• 
grid. This method appears to remove the zinc films with little diffi-
/ 
culty but the silver nuclei could not be observed. 
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Grain Size Me~µrement, .. 
Two. electron micrographs of each sample were made at a magnifi-
cation of approxi.mately 42,000. In order to determine average grain 
sizes, the micrographs were projected on a screen having six randomly 
placed lines. The grain boundary interceptions along the lines were 
used as a relative measurement of the average grain sizes. Statistical 
methods as outlined by Brownlee (20) were used, with an IBM-1620 
Computer, to perform an analysis of variance of the grain boundary 
intercept data. In order to perform an F-Ratio test, that is, a 
test of the significance of the variances found, the data for 7 ori-
ginal samples and replacement samples was analyzed and a variance due 
to uncontrolled parameters of the experiment obtained. This term was 
'\Fl 
then used to determine F-ratios and the tables published by Brownlee 
us·ed to test the significance of the F-ratios (significance of various 
variables and interactions). 
All statistical analysis of the data was made using grain boundary 
intercepts as the relative measure of average grain size. In order to 
4P 
convert these intercept values to the more meaningful term of grains 
per unit area, an equation developed by Underwood (21) was used. This 
. 
which would equation g1. ves the number of grains per unit area, NA, 
occur on a random plane passed through a solid composed of Rhombic 
Dodecahedrons and Truncated Octahedrons. Underwood's equation relates 
NA to the number of grain boundries a random line would intercept, 
0 
NL, in PMSi~g a unit. length through the solid. 
2 
NA = 0.735 NL 
Although Underwood developed his equation for a three dimensional solid, 
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it is believed that it yiel~s a good estimate of the relationship 
between grains per unit area and grain boundary intercepts per unit 
length for a thin metal film. 
Zinc Thickness Measurements 
After deposition, the thickness of the zinc films was measured 
using the Beta-Backscatter Technique where high energy Beta p~ticles 
are scattered by the film and counted. 
For Sample Groups 1 and 2 (Statistical Experiment) each individual 
• 
sample was measured for 10 minutis. For this counting time there is 
·-< -----·--- / ~ ---.-~ 
a 95% probability that the measured thickness is correct to+ 70 i. 
-
Longer counting times could be used to improve this accuracy, however, 
to increase the accuracy from± 70 R to± 35 X would require a counting 
time of 40 minutes per sample. ~P 
For Sample Group 3 (Correlation samples) the backscatter counts 
were taken for a 30 minute period. Therefore, 95% of the sample 
me~urements shou11. be accu·rate to .:!: 40 .i. 
Silv r-Pre-Coat Thickness 
The silver-pre-coat thickness values given are not measured 
values but are calculated values (Thickness= Deposition Rate x 
Deposition Time) assuming a condensation coefficient of one • 
.,, 
Resistivity Measurements 
\ 
The resistivity of the silver-zinc films was determined by measur-
. ing the film resistance per unit area, R(Sg)' and then multiplying 
this value by the metal 1 f ilm thickness, T ,Cf Film = R(sg?). The film 
resistance per unit area was measured by using a four-point probe and 
., 
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.the following equation: 
R = V c. (Sg) -
I 
Vis the potential measured by the potential probes, I the current 
in the current probes, and Ca constant. C, which is a function of 
the metal film dimensions a and d and the probe dimension S, Figure 8, 
was determined from the tables published by Smits (22). 
Zinc Film Fiber Texture 
Film fiber texture was determined by the distribution of the 
spots on Debye rings of electron microscope selected area diffrac-
tion patterns. If the spots are random about a ring, the planes caus-
(I ing these spots are randomly oriented about an axis perpendicular to 
the film. If a Debye ring is missing completely and its structure 
fa~tor is not zero, the set of planes which should give this ring are 
parallel to the plane of the metallic film. The correctness. of inter-
pretation of the Electron Microscope selected area diffraction patterns 
are verified for one sample by use of x-ray pole figures. 
·{ 
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RESULTS AND DISCUSSION ... 
,, 
• 
Effects of Deposition Parameters on Zinc Grain Size 
·Grain boundary intercept measurements were made and that -data 
processed with an IBM-1620 Computer as discussed in the preceding 
section. The results of this analysis are given in Tables II, III, 
and IV. When the significance of the F-ratios in Tables II and III 
are tested, it is found that: 
\ 
1. The zinc grain size is affected only slightly, if any, 
by the silver deposition rate. 
2. The zinc grain size is affected only slightly, if any,_ 
by the zinc deposition rate. 
3. The zinc grain size is affected (at a significance level 
of 0.001) by the silver-pre-coat thickness. 
Comparison of the tests of significance of the F-ratios for Tables II 
and III indicates that the significance of the results was not 
affected by the replacement of seven of the original samples. 
The results obtained in the statistical analysis can be explained 
if the following assumptions are correct. First, the zinc deposition 
rate is not sufficient to cause self-nucleation and, therefore, all 
·1 .• . . ,C,-
zinc atoms will condense on the nuclei of the silver-pre-coat. Second, 
" ' 
silver nuclei act in a similar manner on Mylar and carbon films. 
The validity of the first assumption was checked by depositing on 
a non-pre-coated Mylar substrate for a 10-minute period at the fastest 
zinc deposition rate." No visible deposit of zinc could be attained 
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under these conditions. At this zinc deposition rate a Mylar substrate 
having a 0.01 R silver-pre-coat would receive a 20,000 angstrom zinc 
film in a 10 minute period. Thus, even if some zinc nuclel are formed 
at this deposition rate:, the number is very small compared to the 
number of silver nuclei in the normal silver-pre-coat and the effect 
is small. 
There is no direct justification for the second assumption~but it 
' appears reasonable in light of the work of Bassett (9) who found that 
gold nu.clei 'On a crystalline substrate (Cleaved rock salt) acts in the 
same general manner that Pashley ( 10) found for silver deposited on 
an amorphous substrate (carbon). 
If the first assumption is true, the zinc grain size will be a 
function of the silver nuclei present (if all other things are constant) 
and it can be shown in the following that the number of silver nuclei 
should be only slightly dependent upon the silver deposition rate. 
Since the terms such as bulk surface energy,cr, substrate-deposit con-
tact angle,e, etc.,are constants for the particular material and 
evaporation equipment, Rhodin and Walton's (11) equation, equation 
(2] , can be written as follows if rthe substrate temperature is a 
constant: 
I = AR a N /ln (PIP ...... ) , 0 0 
_, 
[ 3] 
where A is a constant. If equation [3] is the rate of formation of 
nuclei, the change in number of nuclei present, dN, at a particular 
time, t, is: 
dN = Idt 
= AR a0 N0 /ln (P/P a,f dt [ 4] 
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During the .~eposition process,· the time of dePQsi tion 
.. ~ ' ... . 
is.: 
... 
"' 
t =M 
-R 
[ 5] r~ 
and, dt - dM - [ 6] 
R 
where Mis the total number of atoms which have arrived at the substrate. 
Combining equation [6] with equation [4] yields: 
[ 7] 
and since A and ln (P/P) are constants during a particular deposition: 
CD 
N = A/ln (P/Pm) Ja0 N0 dM, [ 8] 
If it is assumed that the rate of deposition affects only the rate at 
which a nuclei grows and not the manner in which it grows, the value 
of the integral of equation [8] will be a function only of M. In the 
experiment M was made a constant when measuring the effects of the 
silver deposition rate, and for this condition N can be written: 
N = B/ln (P /P 00 ) [9] 
where, 
/ 
B = A J a0 N0 dM = constant. 
Using the equation developed by Panish (23) for silver in solid form, 
the vapor pressure of silver at the substrate temperature is calculated 
to be 2.5 x 10-38 nun of Hg. If the vapor pressure of the vapor beam 
is assumed to be the equilibrium vapor pressure of silver at the source 
temperature, the value of ln P/P 00 ranges between 82.6 and 84.8 for the 
experimental conditions used. Placing these values in equation [9] , 
it is seen that the expected variation of N (for constant pre-coat 
thickness) will be small, and thus, the variation of zinc grain size 
with silver deposition rate will be small. 
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The ffects of the zinc depasition rate can also be explained by 
.. , ......... ~, ...-
.. 
the first assumption. Since the zinc deposition rate is not sufficient 
to cause appreciable self-nucleation, zinc atoms will condense pri-
, ~arily on silve·r nuclei. Since the number of silver-pre-coat nuclei 
is independent of the zinc deposition rate, the zinc grain size should 
not be a function of the zinc deposition rate. 
The variation Of Zinc grain size with silver-pre-coat thickness 
is the result of the· opposing forces involyed as _the silver-pre-coat 
thickness increases. Equation [8] predicts that, if the vapor beam 
a 
pressure is constant, the number of silver nuclei formed will be a 
f~nction of the silver-pre-coat thickness (M). 
Pashley (10) has obser~ed a second factor involved in the forma-
tion of silver nuclei on carbon films. This second factor, an inter-
action between:nuclei, tends to decrease the nuclei density and the 
effect of the factor increases with the silver film thickness. If 
silver on Mylar acts in the same manner as silver on carbon, the nuclei 
<:..· 
density of the silver-pre-coat will increase until the interaction 
between nuclei is so great that nuclei are lost ·(because of interactions) 
faster than new nuclei are formed. Thus, the expected variation of 
silver nuclei will be an increase of nuclei density with si~ver-pre-
coat thickness until a maximum density is obtained and then a slow 
drop in nuclei density as the pre-coat thickness is increased furthe~. 
Referring to the first assumption again (that ,'zinc deposits only on 
the silver nuclei), the zinc grain size will be a function of the silver 
· nuclei densi ty'and will vary inver·Sely as the silver nuclei density • 
.. 
21 
_, 
-
.. , ,, 
C - £ 
-.:.: - - -
) 
I ~ ' '• . . ._-,,,. '. •Is-._, 
• 
- ------------·-· 
··•/ 
Table V gives the averages of the ·grain size for each of the.,. 
I 
. l deposition conditions·. That is, each of the values in Table V is 
the average of the 9 samples of Table VI or VII having that partic-
ular deposition condition. The data of Table Vis plotted in Figures 
9a, b, and c. Observation of Figures 9a and c reveal that the varia-
tion in zinc grain size for the various silver and zinc deposition 
rates is smal·l. This agrees with the statistical analysis which 
predicted that an_y. va.rJ.Jition occurring wo.uld be. small. ·Figure .. 9b-
reveals that not only was the statistical prediction correct ·but also 
that the observed variation agrees with the results anticipated when 
q 
the cause of the variation was discussed, that is, the zinc grain size 
decreases to a minimum and then begins to increase again as the silver-
pre-coat thickness increases. Table VIII lists the average grain size 
for the correlation samples and this data is plotted in Figure 10. 
This figure agrees in general form with the results plotted in Figure 
9b and the results of the statistical experiment. 
Figures 11, 12, 13, and 14 are typical electron micrographs of 
the zinc films. These micrographs exhibit pictorially the results 
determined in the statistical analysis and Figures 9 and 10. 
Effects of Zinc Film Thickness on Zinc Grain Size 
/ The zinc grain size and zinc film thickness of each Statistical 
Experiment sample is tabulated in Tables VI andJVII and plotted in 
Figure 15 .. Observation of Figure 15 indicates that the zinc film 
thickness has a large effect on zinc grain size. The group of 
Correlation Samples was made in order to determine if this observation 
were the result of a dependence of zinc grain size on zinc film thickness 
22 
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or if it were due to the samples having the thinner pre-coat thickness 
'11 having a thicker average zinc film. Measurements of the Correlation •.. 
Samples are tabulated in Table VIII and plotted in Figure 16. Figure 
16 indicates that the zinc grain size is slightly dependent on zinc 
film thickness but that this dependence is much smaller thari the 
dependence on silver-pre-coat thickness. 'lhus, the results ·observed 
in Figure 15 were due primarily to the thicker films having a larger 
grain size due to silver-pre-coat thickness •. 
The observed variation in zinc grain density with zinc film 
thickness is not believed to have been caused by random errors in 
grain size measurements or variations in pre-coat thickness. As can 
be observed in Figure 16, the thickest film had the lowest zinc grain 
.density for each silver-pre-coat thickness. Also, in the pre-coat 
thickness range from 0.1 to 10 ~, the variation of zinc grain density 
with silver-pre-coat thickness is such that large variations in silver-
pre-coat thickness would be required to cause the observed variation 
of zinc grain density. 
If the zinc grain density is a function of the zinc film thickness, 
the variation can be explained by the film fiber texture. ' (The film fiber 
V 
texture is discussed in the following section.) It was observed that 
the zinc crystallites were oriented such as to have a"<OOOl> fiber 
axis approximately perpendicular to the substrate and approximately 
parallel to the vapor beam. (The vapor beam was perpendicular to the 
substrate.) Bauer (18) notes that metals often tend to deposit prefer-
entially on a particular plane, or group of planes, and that, because 
of geometric consideration, the more nearly a preferred growth plane 
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is to being perpendicular to the incident vapor beam, the faster it. 
will grow. Assuming that the zinc crystallites have a preferred 
growth plane, sorne of the.-crystallites will have their growth planes 
......... --· ~ 
more favorably orient~d (georiietrically) for growth. The more favorably 
oriented crystallites will grow faster and will eventually grov, over 
adjacent crystallites which are les·s favorably oriented. As the zinc 
..., 
film thickness increases,more of the favorably oriented crystallites 
grow over less favorably oriented crystallites, thus causing the 
- - ... -- -
observed zinc grain density to decrease. 
Figures 17 and 18 are typical micrographs of the zinc films of 
the correlation samples. As can be seen, there is. a ch~e in the ) 
average zinc grain size but this change ~is small when compared with 
the change resulting from the variation of silver-pre-coat thickness, 
Figure 11. 
Zinc Film Fiber Texture 
Figures 19, 20, and 23 are electron microscope selected area 
diffraction patterns of various test samples. Figure 21 is a typical 
trace of the pole figure for the {0002} plane normals (poles) and 
Figure 22 a pole figure of the (1011} plane normals (poles) of a 
zinc film deposited with the same conditions, deposition rates, etc., 
as the sample used to make the electron microscope selected area diffrac-
tion pattern, Figure 23. All selected area diffraction patterns were 
made of an equal area of zinc film. 
Study of the diffraction patterns indicatesthat the lines for 
(0002) planes,or lines for any planes parallel to the (0002) planes, 
do not occur on the diffraction patterns. The diffraction patterns 
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also indicate that the zinc· crystallites causing the Debye ring.s are 
randomly oriented about the axis perpendicular to the metal film, that 
is, the crystallites are randomly oriented in the plane. of the film • 
. . 
These two factors indicate that the texture of the zinc film is such 
that the <0001> axes of the zinc crystallites are perpendicular to 
the zinc film and the <lOOo> and <0100> axes of the crystallites are 
randomly oriented iq the plane of the zinc film. The pole figure 
trace, Figure 21, and pole figure, Figure 22, indicate that this 
interpretation is correct. Figure 21 shows that the <0001> axes of 
the zinc crystallites are within approximately s0 of perpendicular 
. 
to the zinc film, or Mylar substrate, with most crystallites having 
. 
0 
their <0001> axis within 5 of perpendicular •.... Tne pole figure, 
.,, 
. . 
Figure 22, shows that the <1000> and <0100> axes of the zinc crystal-
lites are essentially randomly oriented in the plane of the metal film. 
The fiber texture observed can be explained by either of the fol-
, 
lowing cha·racteristics of vapor deposited metal films or by a cornbina-
tion of the characteristics. Levinstein (17) found that zinc deposited 
on collodion (at rates above the critical rate), deposited with the 
<0001> axis perpendicular to the collodion substrate. The effects in 
this experiment are believed to be different because in this exper-
iment the bonding strength between zinc and Mylar is believed to be 
much snaller than the bonding strength between the zinc and silver 
as Holland (3) found for zinc deposited on glass with and without a 
silver-pre-coat. A possible cause of the preferred orientation of the 
• 
zinc crystallites is a preferred growth of zinc crystallites having 
.. 
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the particular orien'tation. Bauer· (18) reports that Volmer (19) 
observed that zinc tends to grow with the <0001> direction perpendic-
ular to the substrate at the beginning buf as deposition continues, 
the <OOOl> axis changes to the direction parallel to the incident 
vapor beam. Anoth~r possible cause of the fiber texture observed is 
an epitaxial growth of the zinc on the silver~pre-coat. Based upon 
Walton's (15) work, the silver would be expected to deposit on ·the 
- . Mylar with the (1.11) planes parallel to the Mylar. The atom-to-atom 
(J 
distance in the (111) planes of silver is 2.89 i and the atom-to-atom 
distance in the (0001) planes of zinc is 2.66 i. Epitaxial growth of 
zinc would require a misfit of only 8% ~hich according to Bauer (18) 
would not prevent epitaxial growth. Thus (0001) planes of zinc could 
grow epitaxially on (111) oriented silver, 
Insufficient data was obtained to determine which of the effects 
mentioned was the cause of the fiber texture observed. The samples 
· were deposited with the vapor beam perpendicular to the substrate, 
thus, the fiber texture may have resulted from a preferred orienta-
tion initiated by an epitaxial growth of the zinc on the silver 
(giving a random orientation in the plane of the film) and maintained 
by the crystallites growing such as to maintain the< 0001> axes in 
the direction of the vapor beam. 
Zinc Film Resistivity 
Table IX lists the thickness and the ratio of bulk resistivity 
. 
to film resistivity for the Correlation Samples. This data is plotted 
in Figure 1, along with the results Traub (2) found for silver-zinc films 
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-deposited on lacquered paper. For the thinner silver-pre-coat thick-
V 
nesses the general results of this experiment agree with Traub's 
results, however, for thicker films of silver the results are somewhat 
different. 
For silver-pre-coat thicknesses less than 0.01 angstroms the film 
'\. 
resistivity i.s extremely dependent upon the silver-pre-coat thickness 
with the bulk to film resistivity ratio decreasing rapidly as the 
silver-pre-coat thickness decreases. With a silver-pre-coat thickness 
0.01 ~ or more, the bulk to film resistivity ratio appears essentially 
independent of the silver-pre-coat thickness but dependent upon zinc 
film thickness. 
The variation of the bulk to film resistivity ratio for very thin 
silver-pre-coats can be explained by observing Figures 12a and 12b. 
As can be seen in these figures, the percentage of open area is quite 
large and since these films are approximately 1500 ~ thick,the open 
area in the pictures is much less than the open area of the 600 ~ 
films used for resistivity measurements. Because of the large amount 
of open area, the effective conducting path length, when measuring 
resistivity, is much greater than for a continuous film and, therefore, 
the measured resistivity is much higher. 
The difference between Traub's results and the results of this 
experiment for the thicker silver-pre-coatsrwas explained satisfac-
torily by Traub. Traub postulated that his film resistivity increased 
-../ for silver-pre-coats greater than 0.01 angstroms because the zinc film 
was a discontinuous network of large zinc grains. Traub's films were 
approximately 200 ~ thick whereas the films used in this experiment 
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were a minimum of 390 i and were essentially cont~nuous, Figures 17 
. and 18. 
' 
. 
~The variation of zinc film resistivity with zinc film thickness 
• 
' . 
can .be exp.la.in~d by the effects of the film thickness on free electron 
mean free path. ~layer (24) has found that when the thickness of a 
metal film approaches the mean free electron path length the re~istiv-
ity becomes very dependent upon film thickness. This is caused by 
the additional scattering of electrons at the film ~surfaces. Mott 
and Jones (25) have calculated the theoretical mean free paths of 
various metals and find them to be of the order to 500 i. The zinc 
films used in this experiment were of this approximate thickness and, 
therefore, the film resistivity would be expected to be very dependent 
on film thickness with the resistivity decreasing with increasing film 
th~ckness. 
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CONCLUSIONS 
,J 
I 
I 
/ r .... ,, ... · .. , 
1. The average grain size of zinc films def>Osited on Mylar having a 
silver-pre-coat is dependent upon the thickness of the silver-
pre-coat. The smallest average grain size is obtained with 
silver-pre-coats having an average thickness of approximately 0.1 
angstroms. 
~ 
2. Silver and zinc deposition rates have only a small effect, if any, 
on zinc grain size for silver-pre-coat thicknesses of 0.01, O.l 
and 1 R. 
3. For silver film thicknesses of 0.01 angstroms to 10.0 angstroms 
//,,. 
and for various deposition rates, the zinc grains are oriented / 
with the <0001> axes of the zinc crystallites being approximately 
perpendicular to the metal film and the zinc grains essentially 
randomly oriented about ·the <0001> axis. 
4. For zinc film .thicknesses of 390 to 560 i the film res is ti vi ty is 
tndependent of silver-pre-coat thickness if the silver-pre-
coat is between 0.01 and 10 angstroms average thickness. The 
resistivity of films of this average thickness on silver-pre-coats 
less than 0.01 angstroms is very dependent on silver-pre-coat 
thickness and approaches ~nfinity at a silver-pre-coat thickness 
of 0.001 angstroms. 
5. For zinc f.ilm thicknesses between 390 and 560 angstroms, zinc 
grain size is only slightly affected by the film thickness. 
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SUGGESTED FUR'l11ER INVESTIGATIONS 
The nucleation of silver nuclei (crystallites) and the initial 
formation of the zinc crystallites appears to have a large effect on 
the properties of the final silver-zinc film. Therefore, a study of 
the formation of silver nuclei and zinc crystallites would be very 
valuable in understanding the silver-zinc films. This study might 
be accomplished by depositing the silver-pre-coat and zinc on thin 
carbon or lacq.uer films while being observed in an electron microscope • 
• 
.,. 
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As 
0.00001 
Cl 
0.005 
.• . 
...: 
Fe 
0.01 
Cu 
0.0005 
ZINC 
SILVER 
Fe 
0.002 
Pb 
0.01 
.' 
Other Heavy 
Metals such 
as Pb 
0.002 
TABLE I 
Other 
0.01 
Sulfate 
S04 
0.03 
SUPPLIERS CERTIFIED ANALYSIS OF MATERIALS USED IN THE INVESTIGATION • • RESULTS ARE EXPRESSED IN WEIGHT PERCENT OF ELEMENTS LISTED. 
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SOURCE OP DIGRIES OP SUM OF MEAN SUM 
VARIANCE FREEDOM SQUARES OF SQUARES 
) 
! VARIABLES ( 
Silver Rate 2 2.54 1.27 
Silver Thicknesfll 2 887.43 443.72 
Zinc Rate 2 38.04 19.02 
• 
INTERACTIONS BET\VEEN VARIABLES 
Silver Rate and 
Silver Thickness 
Silver Rate and 
Zinc Rate 
Silver Thickness 
and Zinc ··Rate 
4 
4 
4 
Silver Rate, Silver 8 
Thickness, and 
Zinc Rate 
Residual 
(Measurements) 
Total 
297 
323 
49.05 
199.17 
15.05 
261. 97 
OTHER 
350.33 
1803.58 
' TABLE II 
12. 26 
49.79 
3.76 
32. 75 
1.18 
F SIGNIFICANCE· 
JlATIO LEVEL 
............... 
0.04' >o.2 
14.77 <0.001 
o.63 >o.2 
0.41 >o.2 
1.65 >0.2 
0.13 >0.2 
1.09 >0.2 
ANALYSIS OF VARIANCE OF ORIGINAL DATA IOR THE STATISTICAL EXPERIMENT. 
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SOURCE OF DEGREES or· SUM OF MEAN SUM F SIGNIFICANCE 
VAJtIANCE FREEDOM SQUARES OF SQUARES RATIO 
VARIABLES 
Silver Rate 2 5. 23 2.62 0.085 
Silver Thickness 2 1247.08 623.64 20. 75 
Zinc Rate 2 2.86 1.43 0.0475 
INTERACTIONS BETWEEN VARIABLES 
Silver Rate and 
Silver Thickness 
Silver Rate and 
Zinc Rate 
Silver Thickness 
and Zinc Rate 
Silver Rate, Silver 
Thickne~ss, and 
Zinc Rate 
' 
Residual ..... \I 
(Measurements) 
Total 
\. 
-\: 
4 
4 
4 
... 
8 
297 
323 
50.70 12.68 0.422 
28.25 7.06 0.235 
17.73 4.43 0.148 
105.43 13.18 0.438 
~ 
OTHER 
331.67 1.12 
1788~95 ' 
~, .: 
•· ?. 'IL .• · .. .... ....... _ ..................... ' .. 
(.,:,:,:: '"" 
TABLE III 
LEVEL 
>0.2 
<0.001 
>0.2 
>O. 2 
• 
>0.2 
>0.2 
ANALYSIS OF VARIANCE OF DATA FOR THE STATISTICAL EXPERIMENT 
WITH SEVEN SAMPLES REPIACED. 
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SOURCE OF DEGREES OF 
VARIANCE FREEDOM 
Test Samples 6 
Uncontrolled Variables 7 
(Including Interactions) 
Residual 154 
Total 167 
.... 
• I. 
TABLE IV 
SUM OF 
SQUARES 
188.48 
210.59 
160.83 
559.9 
MEAN SUM 
OF SQUARES 
31.41 
30.08 
1.01 
ANALYSIS OF VARIANCE BETWEEN SAMPLES MADE UNDER SIMitIAR CONDITIONS • 
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LIVBL 
/ 
0 
0.004 A per second 
0 
0.04 A per second 
0.40 R per second 
0 
0.01 A ! ' 
0 
0.1 A 
0 
1.0 A 
I'".",. 
0 
6. 7 A per second 
0 
19.8 A per second 
67.0 X per second 
.. 
!: 
GRAINS PER MICRO?i3 
(ORIGINAL SAMPLES) 
SILVER RATE 
97. 71 
97 .03 
94.02 
SILVER THICKNESS 
r 
60. 46 
123. 64 
111. 20 
ZINC RATE 
100. 44 
100. 61 
87. 97 
AVERAGE FOR ALL SAMPLES 
96.36 
'. 
- ORA.INS PER MICROW 
(SEVEN ORIGINAL SAMB,LBS 
REPIACED) 
:,IJ 
~r· 
100.79 
106.37 
104.61 
60.73 
139.77 
120.05 
105.14 
104.96-
101.48 
103.73 
~ .... _-_ . 
.,..., 
' 
• 
TABLE V 
I' ' i 
CALCUIATED ZINC GRAIN DENSITY FOR STATISTICAL EXPERIMENT 
SAMPLES. 
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DEPOSITION RATES AVERAGE NUMBER OF FIIM.THICK-NESS 
SILVER ZINC GRAINS PER MICRO?f (a-BACKSCATTER) 
°A;sEC. 'i/sEC. 0 ,. A 
0 
. 0.01 A Average Silver Thickness 
0.004 6.7 59.54 426 
0.004 19.8 70.30 546 
0.004 67.0 60.60 587 
0.04 6.7 64.25 578 
0.04 19.8 57.18 623 
0.04 67.0 72.77 453 
0.-10 6.7 66.7§ 737 
0.40 19.8 61.81 680 
0.40 67.0 40.79 1070 
0 0.10 A Average Silver Thiclmess 
0.004 6.7 142.62 416 
0.004 19.8 144.47 ;J94 
0.004 67.0 128.85 450 
o.o4 6.7 130.60 542 
0.04 19.8 72.77 622 
o.o4 67.0 153.89 3 115 
0.40 6.7 133.95 475 
0.40 19.8 168.26 342 
o.4o 67.0 72.77 614 
0 ' 
1.0 A Average Silver Thickness 
0.004 6.7 117.05 448 
0.001 19.8 107.79 545 
0.004 67.0 81.96 588 
0.04 6.7 76.92 195 
0.04 19.8 159.04 397 
0.04 67.0 127.49 362 
0.40 6.7 151.98 426 
-:.- ... , 
0.40 19.8 109.40 432 
0.:10 67.0 93.35 499 
• 
TABLE VI 
CAI£U1.ATED ZINC GRAIN DENSITY AND MEASURED ZINC FII.M THICKNESS 
OF ORIGINAL STATISTICAL EXPERIMENT SAMPLES. 
' 
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DBPOSITION RATBS AVERAGE NUMBER OF FII.M THICKNESS 
SILVER ZINC GRAINS PER MICRO~ CS-BACKSCATTER) 
NsEc. X/s1c. 0 A 
0 
0.01 A Average Silver Thickness 
0.04 6.7 68.16 636 
0.40 19.8 58.87 620 
0.10 X Average Silver Thickness 
. - -· ·--~-·- . ··"-· - ·--· .. ···. -• 
-
o.o4 19.8 111.56 485 
0.40 67.0 161.21 388 
0 
1.0 A ~verage Silver Thickness 
0.004 67.0 108.15 425 
0.04 i a.·1 111.56 473 
0.40 67.0 103.73 469 
.f 
.... 
'\ 
··,. -; 
TABLE VII 
CAICUIATED ZINC GRAIN DENSITY AND MEASURED ZINC FII.M THICKNESS 
OF SEVEN STATISTICAL EXPERIMENT REPLACEMENT SAMPLES • 
• 
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.. 
ZINC Fill4 
THICKNESS 
(Angstroms) 
389 
452 
563 
388 
472 
520 
395 
427 
513 
383 
498 
54.0 
.,. 
,, 
,, 
I . 
GRAIN BOUNDARY 
INTERCEPTS PER 
MICRON 
0 
0.01 A Silver-Pre-Coat 
8.58 
8.67 
8.08 
0 
0.10 A Silver-Pre-Coat 
11.50 
11. 75 
11.42 
0 
1.00 A Silver-Pre-Coat 
11.33 
11. 25 
1 :r. 00 
0 
10.0 A Si 1 ver-Pre-Coat 
10.83 
10.33 
10.08 
TABLE VIII 
.... 
ZINC GRAINS 
PER MICRO?r 
.. ···.: '.' 
54.l 
55.2 
48.0 
97.1 
101. 7 
96.0 
94.5 
92.9 
88.8 
86.2 
78.4 
74.7 
CAI£U1ATED ZINC GRAIN DENSITY AND MEASURED ZINC FIIM 
THICKNESS OF CORRELATION SAMPLES. 
.... 
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ZINC Fll.M 
THICKNESS 
(Angstroms) 
635 
389 
152 
563 
388 
472 
520 
395 
427 
513 
383 
498 
540 
('', 
) 
,' . 
.. •.' 
1: -~ ... 
FII.M 
RESISTIVITY (pF) 
(Ohm-centimeters x l<f) 
0 
\ 
) 
BUIJ( RESISTIVITY 
FII.M RESISTIVITY 
RPBULK/ p X 100 
F ', '· 
(Percent) 
0.0018 A Average Silver Thickness 
222 2.7 
0 
0.01 A Ave~age Silver Thickness 
13.0 45.3 
9.2 64.0 
7.7 76.5 
0 
0.1 A Average Silver Thickness 
11.9 
·19. 5 
9.9 59.5 
8.5 69.3 
0 
1.0 A Average Silver Thickness 
12.9 15.6 
9.3 63.3 
8. l 70.2 
..... 
0 
10 A Average Silver Thickness 
12.2 18.3 
10.2 57.7 
8.4 70.2 
,-~--
-. 
~ .: 
TABLE IX 
MEASURED THICKNESS AND FILM RESISTIVITY OF CORRELATION 
SAMPLES. 
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Figure 1 
Bulk Resistivity to Film Reslstivity Ratio versus Silver-Pre-Coat Thickness. -~: 
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Silver and Zinc Vapor Sources ounted in Vacuum Chamber. 
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Silver and Zinc Vapor Sources 
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